I
n clinic, patients with congestive heart failure (CHF) usually do not seek treatment until the symptoms of left ventricular (LV) dysfunction occur. Additionally, in many cases, CHF inevitably transits from LV failure to right ventricular (RV) failure and turns into the end-stage even with a proper therapy to improve the heart function. Therefore, in addition to improving the LV function, more effective therapies to attenuate the progression of existing LV failure is desired.
End-stage CHF exhibits increased pulmonary venous pressure, increased lung weight and lung leukocyte infiltration, pulmonary arterial hypertension, and subsequent RV hypertrophy and failure. 1, 2 Inflammation plays an important role in CHF development. 3 The expression of proinflammatory cytokines, such as tumor necrosis factor (TNF)-α and interleukin (IL)-1β are upregulated in cardiac tissues and blood of patients and experimental animals with CHF. 4 T cells and CD4 + T cells accumulate in the LV tissues of mice with CHF and contribute to the pathogenesis of CHF. 5, 6 We recently demonstrated that end-stage CHF is associated with a profound lung leukocyte infiltration in mice, 7 suggesting that inflammation plays an important role in LV failure-induced lung remodeling and the transition from LV failure to RV failure. is a critical cytokine for the survival and functional competence of Tregs. Administration of IL-2 alone results in a robust expansion of Tregs in vitro, but only a mild induction of Tregs in vivo because of its rapid enzymatic degradation. 9, 10 A particular IL-2 monoclonal antibody clone JES6-1 binds to a site on IL-2 that could reduce IL-2 degradation in vivo and selectively lead to vigorous stimulation of CD25 + cells. 11, 12 Administration of IL-2 plus IL-2 monoclonal antibody clone JES6-1 complexes (IL2/JES6-1) could result in a robust increase of endogenous Tregs in experimental animals. 9, 10 We demonstrated that end-stage CHF in mice is associated with a dramatic accumulation of lung immune cells, including macrophages and T cells. Administration of IL2/ JES6-1 can selectively expand Tregs ≈6-fold and attenuate the progression of transverse aortic constriction (TAC)-induced CHF by suppressing cardiac and lung and systemic inflammation in mice. Our findings suggest that cytokine therapy to selectively expand Tregs or cell therapy by transplantation of Tregs may be an attractive new therapeutic approach in treating CHF. An intense interest has been developed in using Tregs for immunotherapy, and efficacy has already been shown in suppressing immune inflammation-related diseases. 13 Therefore, the translational potential of treating CHF with Tregs is high.
In this study, we treated the mice when they already had LV failure induced by TAC. Our experimental strategy is to examine the effect of IL2/JES6-1 complexes on the LV and lung in mice with existing LV failure, which is more clinically relevant.
Methods
Detailed methods are available in the online-only Data Supplement.
Animals and Experiment Design
IL2/JES6-1 complexes (1 μg mouse IL-2 plus 5 μg anti-IL-2 antibodies clone JES6-1; Biolegend) were administrated (IP) to mice on 3 consecutive daily doses every 6 days during the study. PBS was used for vehicle control.
To determine the effect of IL2/JES6-1 on mice with existing CHF, male Balb/c mice (4-5 weeks of age) from the Jackson Laboratory were used because Balb/c mice develop LV dysfunction rapidly in response to TAC. Briefly, male Balb/c mice were subjected to a TAC procedure created with a 27G needle, 14 a model that mimics clinical systemic hypertension or aortic stenosis. IL2/JES6-1 was commenced when LV ejection fraction (EF) of Balb/c mice reached ≈55%, 10 days after TAC. 7 Samples were collected 4 weeks after TAC, at a time when the PBS-treated mice had average LV EF of 32%.
To evaluate the effect of IL2/JES6-1 on the development of TACinduced LV hypertrophy and cardiac dysfunction, male C57/B6 mice (4-5 weeks of age) from Jackson Laboratory were subjected to a TAC procedure created with a 26G needle. IL2/JES6-1 treatment was commenced 3 days before TAC. Samples were collected 12 weeks after TAC, at a time when the PBS-treated mice had average LV EF of 63% (Table) .
Statistics
A normality test (Shapiro-Wilk) provided by SigmaPlot was used to determine whether data were normally distributed. If data were normally distributed, the data were presented as mean±SEM. A Student's t test was used to test for differences between 2 groups. A 2-way ANOVA followed by a Bonferroni correction post hoc test was used to test for differences among >2 groups. If mouse physiological data were not normally distributed or the sample size in one of the experimental groups was <10, a nonparametric test (Mann-Whitney or Kruskal-Wallis) followed by a Bonferroni post hoc correction was performed. All pairwise P values are 2-sided. The null hypothesis was rejected at P<0.05.
Results

End-Stage CHF Exhibits Dramatic Leukocyte Infiltration in Lungs and Mild Leukocyte Infiltration in Hearts
We examined the relative inflammatory status in the lungs and hearts of mice with end-stage CHF produced by TAC. As shown in Figure 1A and 1B, ratios of LV and lung weight to tibial length were significantly increased 2.2-fold and 2.3-fold in CHF mice, respectively. Echocardiography and hemodynamic measurement showed that mice with CHF exhibited a significant decrease of LV EF (34% in CHF versus 77.6% in control group; Figure 1C ) and a dramatic increase (12.3- Figure 1E and 1F ). In addition, flow cytometry analysis showed that CD3 + T cells were significantly increased in both the LV and the lung of CHF mice, whereas CD3 + T cell infiltration was 13.8×10 3 cells per LV and 1780×10 3 cells per lung in CHF mice ( Figure 1G ). Both CD4 + and CD8 + T cells were 2.2-fold and 2.7-fold increased, respectively, in the lung of CHF mice ( Figure 1H and 1I). Flow cytometry gating strategies are presented in Figures S1 and S2 in the online-only Data Supplement. These data indicate that end-stage CHF is associated with a dramatic lung inflammation and relatively mild LV inflammation. Similar results were observed in both C57/B6 and Balb/c background mice.
IL2/JES6-1 Treatment Was Effective in Increasing Endogenous Tregs in Mice
Flow cytometry gating strategies are presented in Figures S2 and S3. IL2/JES6-1 treatment resulted in an ≈6-fold increase of Tregs in the spleen and lung after 5 days, whereas total numbers of CD4 + and CD8 + T cells were not altered ( Figure  S4A-S4F) . Foxp3 immunostaining and quantitative data also demonstrated a significant increase of Tregs in the LV and lung in mice treated with IL2/JES6-1, whereas Tregs were rarely found in the LV compared with those in the lung ( Figure S4G and S4H) . At the end point of the treatment for 12 weeks, Tregs still maintained an ≈6-fold increase in the spleen with IL2/JES6-1 treatment without altering the total number of CD4 + or CD8 + T cells ( Figure S4I-S4K ). These data demonstrate that IL2/JES6-1 treatment can efficiently expand Tregs in mouse lungs and hearts.
IL2/JES6-1 Treatment Effectively Attenuated CHF Progression in Mice With Existing LV Failure
To examine whether IL2/JES6-1 treatment affected the progression of CHF in Balb/c mice exhibiting LV dysfunction, we used Balb/c mice because they usually develop LV dysfunction rapidly in response to TAC. Briefly, IL2/JES6-1 treatment was commenced to mice when LV EF reduced to 58% 10 days after TAC. Final studies were performed 4 weeks after TAC (Figure 2A) . Echocardiographic measurements showed that mice exhibited a significant decrease of LV EF (32% in CHF versus 78% before TAC) and a 2.1-fold increase in LV end-systolic diameter 4 weeks after TAC. IL2/JES6-1 treatment significantly attenuated the further loss of LV function, as indicated by significantly less reduction of LV EF and less increase of LV end-systolic diameter (Figure 2A and 2B). LV end-diastolic diameter was also increased 29% 4 weeks after TAC, whereas it was comparable between PBS-and IL-2/JES6-1-treated mice ( Figure 2C ). Moreover, hemodynamic measurements showed that LV end-diastolic pressure was significantly (6.3-fold) increased by TAC, and IL2/JES6-1 treatment significantly reduced this increase ( Figure 2D ). IL2/JES6-1 treatment also significantly attenuated TAC-induced reductions of LV maximum rate of rise of pressure (dP/dt max ) and LV maximum rate of decline of pressure (dP/dt min ) with similar aortic systolic pressures ( Figure 2E-2G) . Furthermore, ratios of LV, LA, lung, and RV weight to tibial length were, respectively, increased 1.4-fold, 14.5-fold, 2.2-fold and 1.3-fold 4 weeks after TAC, suggesting severe LV hypertrophy and dysfunction and intense pulmonary congestion because of TAC ( Figure  2H -2K and Table S1 ). Interestingly, although ratios of LV weight to tibial length were not significantly different ( Figure  2H and Table S1 ), ratios of lung and RV weight to tibial length were remarkably reduced in IL2/JES6-1-treated mice as compared with PBS-treated mice ( Figure 2J and 2K and Table  S1 ), suggesting that IL2/JES6-1 treatment might have exerted a prominent role in reducing lung remodeling and RV hypertrophy in these mice.
IL2/JES6-1 Treatment Significantly Reduced Lung Inflammatory Cytokines and Mildly Affected LV Inflammatory Cytokines in Mice With Existing LV Failure
To determine whether IL2/JES6-1 treatment plays a role in pulmonary or myocardial inflammation with existing LV *The purpose of protocol 1 was to determine the effect of induction of Tregs in treating mice with existing LV failure. The purpose of protocol 2 is to determine the effect of induction of Tregs in attenuating or preventing the development of LV failure. The degree of TAC is calibrated by a 27G needle (severe TAC) or a 26G (moderate TAC). Figure 3C , mRNA levels of IL-1β, TNF-α, and monocyte chemoattractant protein-1 were, respectively, upregulated 8.4-fold, 1.7-fold, and 4.8-fold in the lung of CHF mice, whereas IL-10 was reduced 81% as compared with that in control mice. IL2/JES6-1 treatment extensively suppressed IL-1β, TNF-α, and monocyte chemoattractant protein-1 by 85%, 33%, and 68%, respectively, and significantly (5.1-fold) increased IL-10 in CHF mice ( Figure 3C ). These data demonstrate that IL2/JES6-1 treatment increases Tregs and blunts proinflammatory cytokine expression in the lung of mice with existing LV failure. Furthermore, as shown in Figure 3D + T cells, which generate inflammatory cytokines that are important for the outcome of tissue inflammation. To understand the potential mechanism for beneficial effects of IL2/JES6-1 on the lung inflammation because of CHF, we examined macrophages, CD4
+ , and CD8 + T cells in the lung using flow cytometry analysis. CHF mice exhibited dramatic macrophage accumulation in the lung. IL2/JES6-1 treatment significantly reduced macrophage accumulation in the lung with existing LV failure ( Figure 4A and 4B), which was also consistent with the observation of Mac2 staining in the lung ( Figure S5A ). Besides, leukocyte infiltration, including CD45 + cells, CD4 + , CD8 + T cells, and effector memory CD8 + T cells, was markedly increased in the lung of CHF mice. IL2/JES6-1 treatment significantly attenuated these increases in the lung of mice with existing LV failure ( Figure 4C-4F ). These data reveal that IL2/JES6-1 
IL2/JES6-1 Treatment Attenuated Pulmonary Fibrosis in Mice With Existing LV Failure
Proinflammatory cytokines are known to accelerate the accumulation of collagen after the inflammatory response, which causes pulmonary fibrosis. As shown in Figure 5A and Figure  S5B , lung fibrosis as identified by Sirius red and Fast green staining was remarkably increased (7.2-fold) in the lung of CHF mice as compared with that in control mice. IL2/JES6-1 treatment significantly attenuated TAC-induced profound lung fibrosis. Consistently, the increased transforming growth factor-β, a profibrogenic cytokine mRNA in the lung of CHF mice, was also significantly reduced by IL2/JES6-1 treatment ( Figure 5B ), which was in line with collagen-III deposition results ( Figure 5C ). These data demonstrate that IL2/JES6-1 treatment attenuates lung fibrosis in mice with existing LV failure.
IL2/JES6-1 Treatment Attenuated TAC-Induced LV Inflammatory Responses and Hypertrophy
Because IL2/JES6-1 treatment tended to decrease the LV hypertrophy in mice with existing LV failure ( Figure 2H ), we subsequently determined whether IL2/JES6-1 treatment attenuated TAC-induced LV inflammatory responses and hypertrophy. Briefly, IL2/JES6-1 treatment was commenced 3 days before a moderate TAC created with a 26G needle, and final studies were performed 12 weeks after TAC. As expected, IL2/JES6-1 treatment significantly attenuated TAC-induced increases in ratios of LV, LA, and lung weight to tibial length ( Figure 6A-6C) . IL2/JES6-1 treatment also attenuated TAC-induced decrease of LV EF ( Figure 6D ) and the increase of LV end-systolic diameter ( Figure 6E ), whereas LV end-diastolic diameter was not significantly affected ( Figure 6F ). Furthermore, IL2/ JES6-1 treatment prevented TAC-induced increases of LV atrial natriuretic peptide and β-myosin heavy chain protein content ( Figure 6G ). In addition, IL2/JES6-1 treatment significantly attenuated TAC-induced increases of LV CD45 + cell infiltration ( Figure 6H ) and mRNA levels of IL-1β and TNF-α, as well as the decrease of IL-10 mRNA level ( Figure 6I ). Foxp3 mRNA was remarkably upregulated in the LV of IL2/JES6-1-treated mice ( Figure 6I ). These data indicate that IL2/JES6-1 treatment attenuated TAC-induced LV hypertrophy and dysfunction, as well as LV inflammatory response.
Discussion
We demonstrate that induction of Tregs with IL2/JES6-1 treatment is effective in attenuating cardiac and lung inflammation, RV hypertrophy, and further LV functional deterioration in mice with existing LV failure. Mechanistically, we demonstrated that end-stage CHF is characterized by a profound immune cell accumulation in the lung and relatively mild inflammation in the heart. Cytokine therapy with IL2/JES6-1 results in significant increases of Tregs, consequently reduces infiltration of macrophages and CD8 + T cells, and decreases proinflammatory cytokine expression in the lung of mice with existing LV failure. IL2/JES6-1 treatment prior TAC also attenuates the development of LV hypertrophy and dysfunction. The potential underlying mechanism is summarized in Figure 6J and online Figure  S6 . These findings indicate that therapeutic approaches to In clinical conditions, patients usually do not seek treatment until LV-dysfunction symptoms occur. Therefore, therapies to attenuate the transition from LV failure to RV hypertrophy/ failure are clinically significant. We found that IL2/JES6-1 treatment continuously caused systemic Treg induction in mice under control conditions and after TAC. IL2/JES6-1 treatment significantly reduced pulmonary inflammation and fibrosis and attenuated RV hypertrophy in mice with existing LV failure. IL2/JES6-1 also significantly attenuated further decrease of LV dysfunction in mice with existing LV failure. These data indicate that increasing Tregs can be a promising therapeutic approach to attenuate the transition from LV failure to RV hypertrophy/failure. The findings that IL2/JES6-1 treatment dramatically reduced lung inflammation/remodeling and RV hypertrophy without significantly attenuating LV hypertrophy in mice with existing LV failure suggest that IL2/ JES6-1 treatment might exert more impact on the lung and RV remodeling in these mice. The decreased lung remodeling after IL2/JES6-1 treatment in mice with existing LV failure is likely a collective effect of the increased expression of anti-inflammatory cytokine IL-10, the reduced accumulation of inflammatory leukocytes (such as CD4 + T cells, CD8 + T cells, and macrophages), and the reduced expression of proinflammatory cytokines (such as IL-1β, TNF-α, and monocyte chemoattractant protein-1) in lung tissues. The reduced RV hypertrophy is likely a result of reduced lung inflammation and remodeling, as well as the reduced ventricular inflammatory response because of the induction of Tregs. In addition, IL2/JES6-1 treatment before TAC also effectively attenuated TAC-induced LV hypertrophy and dysfunction, suggesting that IL2/JES6-1 treatment attenuates CHF progression not only by attenuating lung inflammation observed in mice with end-stage CHF, but also by attenuating the low-grade LV inflammation at least partially through the collective effect of the increased expression of IL-10, the reduced accumulations of CD3 + T and macrophages, and the reduced expression of proinflammatory cytokines in LV tissues. Our findings that induction of Tregs attenuates tissue inflammation and CHF progression are conceptually consistent with the important role of Tregs in suppressing inflammation in other diseases, such as type-1 diabetes mellitus, 15 organ transplantation-induced inflammation and rejection, 16 myocardial infarction-induced cardiac remodeling, 17 and high fat diet-induced atherosclerosis. 18 Acute depletion of Tregs resulted in a rapid development of autoimmune diseases and mice died within 3 weeks. 19 Depletion of Tregs with Foxp3 DTR transgene in adult mice resulted in an increased infarct size, exacerbated myocardial inflammation, and worse clinical outcome. 20 Depletion of Tregs using anti-CD25 antibodies also resulted in increases of infarction-induced LV dilation and remodeling. 21 Although the detailed molecular mechanism by which Tregs exert their suppressor/regulatory activity has not been definitively characterized, studies indicate that Tregs exert their biological actions by suppressing proliferation and cytokine production of T helper cells, reducing the accumulation of activated T cells, inhibiting the maturation and function of antigen-presenting cells, and raising the secretion of anti-inflammatory cytokines, such as IL-10 and transforming growth factor-β. 19, 22 IL-2 is required for the proliferation, functional competence, and stability of Tregs and plays a critical role in regulating immune tolerance.
9,10 Inhibition of IL-2 signaling by IL-2 neutralization, IL-2 gene deletion, or IL-2 receptor deletion causes autoimmune diseases, such as diabetes mellitus and colitis, by reducing proliferation of Tregs.
9,10 IL-2 administration drives Treg expansion both in vitro and in vivo. However, because of a rapid enzymatic degradation of IL-2, administration of IL-2 alone in vivo could only lead to a mild increase of Tregs. 9, 10 Nevertheless, the biological activity of IL-2 in vivo can be greatly enhanced by administation of IL-2 with IL-2 monoclonal antibody JES6-1, which binds to a site on IL-2 that reduces IL-2 degradation and selectively leads to vigorous stimulation of CD25 + cells. 11, 12 The ≈6-fold increase of Tregs in response to IL2/JES6-1 treatment is largely consistent with the previous reports in other disease models. It should be mentioned that severe LV failure results in an increase of pulmonary venous pressure, a critical factor in CHF-induced lung remodeling and RV hypertrophy. 1, 2 Previous studies have reported lung inflammation in swine after pulmonary venous banding 23 and in patients with increased pulmonary venous pressure secondary to mitral valve diseases or LV failure. 24 In the present study, induction of Tregs in mice with existing LV failure only partially inhibits the further decrease of LV EF and lung inflammation in these mice, indicating that ameliorating inflammation alone cannot totally block CHF progression.
We demonstrate that end-stage CHF is associated with a profound lung leukocyte infiltration and a relatively mild LV leukocyte infiltration, suggesting an important role of lung inflammation in CHF progression and the transition from LV failure to RV hypertrophy/failure. Unfortunately, there are no available experimental models to unambiguously define the precise impact of lung inflammation/remodeling on CHF progression at the present time.
In summary, cytokine therapy using IL2/JES6-1 treatment is effective in selective induction of Tregs and in attenuating the progression of CHF by reducing cardiac, pulmonary, and systemic inflammation.
Perspectives
End-stage CHF is often accompanied by severe inflammatory responses in lungs and moderate inflammation in hearts. CD4
+ Tregs suppress activation of the immune system and contribute to the maintenance of immunologic selftolerance. Cytokine therapy with IL-2/anti-IL-2 antibody (JES6-1) complexes (IL2/JES6-1) selectively expands and maintains 5-to 6-fold increase of Tregs in vivo. In this article, we demonstrate that IL2/JES6-1 treatment suppresses upregulated inflammation and fibrosis in hearts and lungs because of pressure overload and, consequently, attenuates both development and progression of systolic overload-induced CHF. Our study provides the first direct evidence that treatment with IL2/JES6-1 may be an attractive new therapeutic approach for treating CHF.
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Supplementary Material and Methods
Animals and experimental design:
To determine the effect of IL2/JES6-1 complexes (1 µg recombinant mouse IL-2 plus 5 µg anti-IL-2 mAb (JES6-1), Biolegend) on the progression of transverse aortic constriction (TAC)-induced congestive heart failure (CHF), Balb/c background male mice 4-5 weeks of age were subjected to TAC created with a 27G needle. 1 When left ventricular (LV) ejection fraction (EF) reached to 58% in mice 10 days after TAC, IL2/JES6-1 complexes were administrated (i.p.) on 3 consecutive daily doses every 6 days in mice. Treatment was initiated from this time point because our previous data showed that a dramatic TAC-induced lung remodeling occurs when LV EF reached to ~55%. 2 A control group was treated with PBS. Samples were collected 4 weeks after TAC when LV EF of mice treated with PBS dropped to 32%. LV hypertrophy, cardiac function and pulmonary congestion were assessed. The main purpose of this experimental strategy was to examine the effect of IL2/JES6-1 complexes on the LV and lung in mice with existing LV failure.
To evaluate the effect of IL2/JES6-1 complexes on the development of TAC-induced LV hypertrophy and cardiac dysfunction, C57/B6 background male mice 4-5 weeks of age were subjected to a moderate TAC created with a 26G needle. IL2/JES6-1 treatment was commenced 3 days before TAC. Samples were collected 12 weeks after TAC when LV EF of mice treated with PBS dropped to 63%. Pulmonary congestion was mild. The main purpose of this experimental strategy was to define the effect of IL2/JES6-1 complexes on the LV response to TAC-induced systolic overload. All mouse studies were approved by the Institutional Animal Care and Use Committee at the University of Minnesota.
Echocardiography and evaluation of LV hemodynamics:
Echocardiographic images were obtained with a Visualsonics Vevo system as previously described. 1 For aortic pressure and LV hemodynamics, a 1.2-F pressure catheter was used as described before. 1 Sample collection: Mouse heart and lung samples for protein analysis were collected as previously described. 1 Western blotting: Western blot analysis was processed as previously described. 1 Antibody against atrial natriuretic peptide (ANP) was purchased from Peninsula Laboratories Inc.; Myosin heavy chain (slow skeletal muscle, β-MHC) was from Sigma and collagen III, β-actin and vinculin were from Santa Cruz Biotechnology, Inc..
Histological staining:
Sections of 5 μm thickness were sliced. Immunostaining was conducted to identify CD4 + CD25 + Foxp3 + regulatory T cells (Tregs) in mouse LV and lung. Antibody against Foxp3 was purchased from eBioscience; Foxp3 staining was visualized by using an avidin/biotin peroxidase-linked detection system (Vector Laboratories). Antibody against CD45 (R&D systems) was used to detect mouse LV and lung leukocyte infiltration. 4', 6'-diamidino-2-phenylindole (DAPI) was from Life Technologies. CD45 antibody staining was visualized by using a secondary Alexa Fluor 555-conjugated antibody (Life Technologies). The slides were pictured using a ZEISS microscope (FluoView 1000 Olympus). Foxp3 and CD45 staining on the LV was quantified from 5 random fields per slide. The summarized results were expressed as staining positive cells per mm 2 . LV and lung fibrosis was stained using Sirius red and Fast green Stain Kit from Chondrex, Inc. Relative tissue fibrosis was calculated by dividing the area of red staining by the total measured section area using digitized images. Samples from 5 mice were analyzed per group.
Quantitative real-time PCR: Quantitative PCR was processed as described before. 1 Primer pairs used in this study are listed in Table S2 . The relative amount of each gene in each sample was estimated by the ΔΔCT method. Results were normalized to 18S rRNA level.
Flow cytometric analysis: Cells were isolated from spleens, lungs and LVs. 3 Individual LV was excised, cutted into small pieces, and enzymatically digested in 5 ml of collagenase digestion buffer (HBSS without Ca+/Mg+ (Life technologies), 1.5 mg/ml collagenase type II (Worthington Laboratories)) at 37 o C for 30 min with agitating, subsequently transferred into 5 ml of collagenase/dispase digestion buffer (HBSS without Ca+/Mg+, 1 mg/ml collagenase/dispase (Roche)) for another 20 min at 37 o C with agitating, and then pressed against the bottom of a 100 µm strainer with the plunger of a 3 ml syringe. Individual lung was excised, cutted into small pieces, and enzymatically digested in 5 ml of digestion buffer (HBSS without Ca+/Mg+ (Life technologies), 1 mg/ml collagenase (Roche)) at 37 o C for 30 min with agitating, and then passed through a 100 µm strainer. Individual spleen was excised, cutted into small pieces, and passed through a 100 µm strainer. Single cells from tissues were washed through the strainer with 10 ml cold buffer (PBS + 0.5%BSA + 2 mM EDTA). After erythrocyte lysis using Red Blood Cell Lysing Buffer (Sigma), cells were counted using a hemocytometer. After erythrocyte lysis using Red Blood Cell Lysing Buffer (Sigma), cells were counted using a hemocytometer. Dead cells were stained using LIVE/DEAD Fixable Near-IR Dead Cell Stain Kit (Life technologies). And then single cell suspensions were pre-incubated with anti-mouse CD16/32 antibody to prevent nonspecific binding of antibodies to FcRγ, followed by multi-staining with fluorescence directly conjugated anti-membrane antigen primary antibodies (Table S3) , accordingly. For some tests, cells were fixed and permeabilized using Mouse Foxp3 Buffer Set (BD Biosciences), followed by staining with Alexa Fluor 488-conjugated anti-Foxp3 and subjected to FACS Aria II analysis (BD Biosciences). Data were analyzed by FlowJo_V10 (FlowJo, OR) software. Gating strategies were present in Supplementary  Figure S1 -S3. Values represent the mean of five independent experiments.
Statistics:
A normality test (Shapiro-Wilk) provided by SigmaPlot was used to determine whether data were normally distributed. If data were normally distributed, the data were presented as mean ± SEM. A Student's t-test was used to test for differences between 2 groups. A two-way ANOVA followed by a Bonferroni correction post-hoc test was used to test for differences among more than 2 groups. If mouse physiological data were not normally distributed or the sample size in one of the experimental groups was less than 10, a non-parametric test (Mann-Whitney or Kruskal-Wallis) followed by a Bonferroni post hoc correction was performed. All pairwise p-values are two-sided. The null hypothesis was rejected at P < 0.05. Figure S1 . For flow cytometric analysis, single cells from the digested LV were stained with directly conjugated primary antibodies according to the manufacturer's instructions, followed by staining with PI and then subjected to FACS Aria II analysis. Cells that were negative for PI staining were identified as living cells and analyzed. 
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